Date of Est:

N 09/02/2016
/AW‘ SsPHENIX/INTT Detector Prepared by:
\PH/’/EMX Relativistic Heavy Ion Collider Itaru Nakagawa

N, 7\
BASIS of ESTIMATE (BOE) DocNo. (refer Rev. Log):
n/a
WBS number: n/a WBS Title: Procure 300 Silicon Sensors

WBS Dictionary Definition:

Procure sensors (300) for use in INTT detector ladders. Each ladder has 2 sensors. There are 4 layers of detector ladders in the
INTT detector with 18, 24, 30 and 36 ladders per layer for the innermost to outermost layer, respectively. This results in a total of
108 ladders requiring a total of 216 sensors. The additional 84 sensors are for production replacements and spares.

Estimate Type (check all that apply):

__ Work Complete

_ Existing Purchase Order

__ Catalog Listing or Industrial Construction Database

_ Documented Vendor Quotation based on Drawings/ Sketches/ Specifications
~ X Budgetary Estimate by Vendor/Fabricator based on Sketches, Drawings, or other Written Corresponder]
__ Engineering Estimate based on Similar Items or Procedures
__ Engineering Estimate based on Analysis

__ Expert Opinion

Supporting Documents (including but not limited to):

Budgetary estimate for a quantity of 300 sensors from HPK (vendor) in Japanese.
English translation summary of Budgetary quote.

Details of the Base Estimate (explanation of the Work)

The budgetary quotation is 48,000 yen for a 320 um thick sensor (current technology). It is
further estimated that to reduce the thickness of the sensor to 240 pum thickness the cost will
be approximately 50% greater (~70,000 yen). Translated conservatively at .01$/yen this
comes to $480/sensor or ~$700/sensor for the 320 um and 240 pum sensors, respectively. For
the full procurement of 300 sensors (required plus spares) this becomes $144K and ~$210K,
respectively.

Assumptions Used in Developing Estimate:

The budgetary quotation is for 300 sensors. This includes 216 required for the 108 ladders
in the detector, 44 sensors for 22 spare ladders and an additional 40 spare sensors. There is no
labor currently associated with this procurement.
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Cost Summary

Material Designer Engineer Tech Physicist Student
[$] [d] [d] [$] [d] [d]
Subsystem: 210,000 X X X X X
Contingency
M&S Contingency Rules Applied
NO
Labor Contingency Rules Applied
NO
Comments:
Risk Analysis: — (To Be Completed by Subsystem Manager )
n/a
Subsystem Manager: Itaru Nakagawa Date:  09/02/2016
Change Log
Revision . Change
No. Description of Change Date
Rev. 1
Rev. 2
Rev. 3
Rev. 4
Rev. 5
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1/7

Subject: RE: SO, S2tz>H—3T55btE
From: kaoshima@hg.hpk.co.jp

Date: 2016/07/04 9:43

To: kaoshima@hqg.hpk.co.jp

CC: "Yasuyuki Akiba" <akiba@rcf.rhic.bnl.gov>, "Yasuyuki Akiba™ <akiba@bnl.gov>, '

= &' <gaku.mitsuka@riken.jp>, "ltaru Nakagawa" <itaru@riken.jp>,

skamada@ssd.hpk.co.jp
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RE: SO, S2t v —fI 6 by

Cc: "Yasuyuki Akiba™ <akiba@bnl.gov>, '=IR &' <gaku.mitsuka@riken.jp>, "Itaru Nakagawa" <itaru@riken.jp>,
skamada@ssd.hpk.co.jp
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385! <kaoshima@hq.hpk.co.jp>, "ltaru Nakagawa™ <itaru@riken.jp>
Cc: "Yasuyuki Akiba™ <akiba@bnl.gov>, '=IR &' <gaku.mitsuka@riken.jp>, <skamada@ssd.hpk.co.jp>
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RE: SO, S2t v —fI 6 by
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From: kaoshima@hg.hpk.co.jp [mailto:kaoshima@hg.hpk.co.jp]
Sent: Monday, June 27, 2016 5:30 AM

To: Itaru Nakagawa <itaru@riken.jp>
Cc: 'Yasuyuki Akiba' <akiba@bnl.gov>; Yasuyuki Akiba <akiba@rcf.rhic.bnl.gov>; ' =X &' <gaku.mitsuka@riken.jp>;
skamada@ssd.hpk.co.jp
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RE: SO, S2t v —fI 6 by
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EET Itaru Nakagawa <itaru@riken.jp>
B 5%k: kaoshima@hg.hpk.co.ip, Yasuyuki Akiba <akiba@rcf.rhic.bnl.gov>
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RE: SO, S2t v —fI 6 by
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EET: "Yasuyuki Akiba" <akiba@rcf.rhic.bnl.gov>
R4k <kaoshima@hg.hpk.co.jp>, "ltaru Nakagawa" <itaru@riken.jp>
Cc: "Yasuyuki Akiba™ <akiba@bnl.gov>, '=1F &' <gaku.mitsuka@riken.jp>, <skamada@ssd.hpk.co.jp>
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From: Yasuyuki Akiba [mailto:akiba@rcf.rhic.bnl.gov]

Sent: Saturday, May 28, 2016 4:48 AM

To: kaoshima@hq.hpk.co.jp; 'ltaru Nakagawa' <itaru@riken.jp>

Cc: 'Yasuyuki Akiba' <akiba@bnl.gov>; '=1F &' <gaku.mitsuka@riken.jp>; skamada@ssd.hpk.co.jp
Subject: RE: SO, S22 H—iTHAHHE
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RE: SO, S2t v —fI 6 by
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From: kaoshima@hq.hpk.co.jp [mailto:kaoshima@hg.hpk.co.jp]

Sent: Monday, May 23, 2016 4:47 AM

To: Itaru Nakagawa <itaru@riken.jp>

Cc: Yasuyuki Akiba <akiba@bnl.gov>; '= 1% &' <gaku.mitsuka@riken.jp>; skamada@ssd.hpk.co.jp
Subject: Re: SO, S2tH—iTHLEHE
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RE: SO, S2t v —fI 6 by
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From: kaoshima@hq.hpk.co.jp
Date: 2016/07/04 9:43

To: "Yasuyuki Akiba" <akiba@rcf.rhic.bnl.gov>, "'Yasuyuki
Akiba'" <akiba@bnl.gov>, ' Gaku Mitsuka'

<gaku.mitsuka@riken.jp>, "'Itaru Nakagawa" <itaru@riken.jp>,
skamada@ssd.hpk.co.jp

The estimated cost is following. For 320um thickness silicon sensors, assuming
we can extract three silicon sensors per wafers and produce total 250 silicon
sensors, the estimated cost is 48,000 yen per sensor. The thinner 240um
thickness silicon sensors requires additional process to thin down the thickness,
it will be additional 50% cost on top of the cost of 320um one.

Thus the unit price of 240um thickness sensor is
48,000x 1.5 ~ 70,000 yen.



Date of Est:
09/02/2016
N sPHENIX/INTT Detector Prepared by:
\'PH///ENIX Relativistic Heavy Ion Collider Itaru Nakagawa
NURLR KN BASIS of ESTIMATE (BOE) DocNo. (refer Rev. Log):
n/a

WBS number: n/a WBS Title: Procure PGS Sheets

WBS Dictionary Definition:

PGS (“Pyrolitic Graphite Sheet”) is used for conductive cooling of the ladders in the INTT. It is high thermal conductivity
material which will migrate the heat generated in the sensor chips to the services end of the ladders where liquid cooling takes
over. This material helps to significantly reduce the material budget of the cooling system.

Estimate Type (check all that apply):

___ Work Complete

_ Existing Purchase Order

__ Catalog Listing or Industrial Construction Database

_ Documented Vendor Quotation based on Drawings/ Sketches/ Specifications
~ X Budgetary Estimate by Vendor/Fabricator based on Sketches, Drawings, or other Written Corresponder]
__ Engineering Estimate based on Similar Items or Procedures
__ Engineering Estimate based on Analysis

__ Expert Opinion

Supporting Documents (including but not limited to):

Budgetary estimate for a quantity of 90 PGS sheets, each sheet is 180mm x 320 mm. from HPK (vendor) in Japanese.
English translation summary of Budgetary quote.

Details of the Base Estimate (explanation of the Work)

The budgetary quotation is 6,000 yen for a single sheet of PGS. For 90 sheets this comes to
540,000 yen. Conservatively estimating .01$/yen this becomes ~$5,400 for the full order.

Assumptions Used in Developing Estimate:

It is estimated that each sheet will provide sufficient material for 4 INTT 'z ladders to match
the dimensions of the high density interface (HDI). Since there are 300 sensors planned (and
an equal number of HDI’s) a minimum of 75 sheets would be needed. 20% additional
material is budgeted thus making the total 90 sheets.

Cost Summary
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Material Designer Engineer Tech Physicist Student
[$] [d] [d] [$] [d] [d]
Subsystem: 5400 X X X X X
Contingency
M&S Contingency Rules Applied
NO
Labor Contingency Rules Applied
NO
Comments:
Risk Analysis: — (To Be Completed by Subsystem Manager )
n/a
Subsystem Manager: Itaru Nakagawa Date:  09/02/2016
Change Log
Revision . Change
No. Description of Change Date
Rev. 1
Rev. 2
Rev. 3
Rev. 4
Rev. 5
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https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/frontpage.php
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/member.php?mode=member
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https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/cart.php?mode=view
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/frontpage.php
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/misc/guide.html
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/misc/q&a_guide.html
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/mail_form.php
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=PGS%92P%91%CC
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https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=%95%D0%96%CA%94S%92%85%89%C1%8DH
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=%95%D0%96%CA%90%E2%89%8F%89%C1%8DH
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=%97%BC%96%CA%90%E2%89%8F%89%C1%8DH
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=%97%BC%96%CA%83%89%83%7E%83l%81%5B%83g%81i%94S%92%85%2B%90%E2%89%8F%81j%89%C1%8DH
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=PGS%83O%83%89%83t%83%40%83C%83g%83V%81%5B%83g&subcategory=%8D%82%91%CF%94M%83%5E%83C%83v
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=ZNR%83T%81%5B%83W%83A%83u%83%5C%81%5B%83o&subcategory=D%83%5E%83C%83v+5%83V%83%8A%81%5B%83Y
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=%83%60%83b%83v%8C%60%90%CF%91w%83o%83%8A%83X%83%5E&subcategory=%83%60%83b%83v%8C%60%90%CF%91w%83o%83%8A%83X%83%5E
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=%83%60%83b%83v%8C%60%83t%83B%83%8B%83%80%83R%83%93%83f%83%93%83T&subcategory=%83%60%83b%83v%90%CF%91wPPS%83%5E%83C%83v
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=%83t%83B%83%8B%83%80%83R%83%93%83f%83%93%83T&subcategory=PET%8C%60-ECQE%83%5E%83C%83v
https://www.shoyodenko.co.jp/sd_shop_8796_f903w/shop/show_unit.php?mode=subcategory&category=%83A%83%8B%83%7E%93d%89%F0%83R%83%93%83f%83%93%83T&subcategory=A%8C%60M%83V%83%8A%81%5B%83Y85%81%8E
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PGS Sheet dimension : W180 x L.230 mm

HDI dimension : W45mm x L230mm

HDI extraction per PGS : 4 sheets

Total number of PGS sheet needed : 90 sheets
Total Price: 90 PGS sheet x 6,000 yen = 540,000yen



Date of Est:
_ 09/02/2016
N sPHENIX/INTT Detector Prepared by:
‘\-Q,,p /\‘(ENlX Relativistic Heavy Ion Collider Itaru Nakagawa
‘ r/\\
BASIS of ESTIMATE (BOE) DocNo. (refer Rev. Log):
n/a
WBS number: n/a WBS Title: Die cut wafers into chips for INTT detector

WBS Dictionary Definition:
Silicon wafers of multiple silicon FPHX chips are to be die cut into individual chips for the sSPHENIX INTT detector. Precision
cutting is performed on existing wafers by outside Vendor.

Estimate Type (check all that apply):

__ Work Complete

_ Existing Purchase Order

__ Catalog Listing or Industrial Construction Database

_ X Documented Vendor Quotation based on Drawings/ Sketches/ Specifications

__ Budgetary Estimate by Vendor/Fabricator based on Sketches, Drawings, or other Written Correspondency
__ Engineering Estimate based on Similar Items or Procedures

__ Engineering Estimate based on Analysis

__ Expert Opinion

Supporting Documents (including but not limited to):

Invoice from VENDOR (Corwil Technology Corporation).

Details of the Base Estimate (explanation of the Work)

This effort is currently underway on previously procured wafers.

Assumptions Used in Developing Estimate:

The attached documentation is the actual invoice. The yield from this process is 5880 chips
which is enough for the 216 sensors required plus 44 sensor working spares (in fully built
ladders) plus enough spare chips to support an additional 40 sensor spares. (Note: there are 20
chips per sensor, 2 sensors per stave, 1 stave per ladder.)

Cost Summary

Material Designer Engineer Tech Physicist Student

[$] [d] [d] [$] [d] [d]
Subsystem: 8960 X X X X X
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Contingency

M&S Contingency Rules Applied

None applied (actual invoice)

Labor Contingency Rules Applied

Labor not included in this BOE

Comments:

Risk Analysis: — (To Be Completed by Subsystem Manager )

n/a

Subsystem Manager:

Itaru Nakagawa

Change Log

Date:  09/02/2016

Revision
No.

Description of Change

Change
Date

Rev. 1

Rev. 2

Rev. 3

Rev. 4

Rev. 5
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CORWIL

TECHNOLOGY CORPORATION

Quote Reference

FPHX

Quote Information

Created Date 7/11/2016 Shipment Method  FedEx
Quote Number 024523 FOB Origin
Payment Terms COD Expiration Date 8/31/2016

Account Information

Account Name Brookhaven National Laboratory Account Manager Matt Bergeron

Issued To Eric Mannel Program Manager Jackie Wong

Mailing Address Brookhaven Avenue
Upton, NY 11973

USA
Phone (631) 344-7626
e-Mail mannel@bnl.gov
Iltem Product Description Quantity Unit Price Extension
1| Die-Prep Saw, plate and inspect 7.00 $440.00 $3,080.00
2 | Die-Prep Die tracking per die cost 5,880.00 $1.00 $5,880.00

Notes & Assumptions

Notes:

. Customer to supply 7 - 8" Si wafers

. Die size: 9115 x 2690 um

. Each wafer has 60 full reticles and 19 partial reticles.

. Only pick from the 60 full reticles.

. Mount wafer on UV tape, saw wafers and pick 840 good and bad dice per map into waffle packs.
. Keep die location ID (Reticle number and site number)

. Perform Commercial inspection and remove reject dice.

. Do not need to backfill waffle packs.

0 N O~ WON =

Cycle Time: 5 - 7 working days
Premium can be quoted upon request

CORWIL ALSO PROVIDES WAFER SORT, PACKAGE TEST, AND RELIABILITY SERVICES.
"Please contact us to request a quote for any one of these services."

1635 McCarthy Boulevard

Milpitas, CA 95035-7415
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